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Abstract 
AIM: To hypothesize a dedicated critical care nurse 
practitioner (NP) is associated with a decreased length 
of stay (LOS) from a pediatric chronic ventilator 
dependent unit (PCVDU).
METHODS: We retrospectively reviewed patients 
requiring care in the PCVDU from May 2001 through 
May 2011 comparing the 5 years prior to the 5 years 
post implementation of the critical care NP in 2005. 
LOS and room charges were obtained. 
RESULTS: The average LOS decreased from a median 
of 55 d [interquartile range (IQR): 9.8-108.3] to a 
median of 12 (IQR: 4.0-41.0) with the implementation 
of a dedicated critical care NP (P  < 1.0001). Post 
implementation of a dedicated NP, a savings of 
25738049 in room charges was noted over 5 years.
CONCLUSION: Our data demonstrates a critical care 
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Nurse practitioner coverage is associated with a decrease 
in length of stay in a pediatric chronic ventilator dependent 
unit
Retrospective Study
Courtney M Rowan, A Ioana Cristea, Jennifer C Hamilton, Nicole M Taylor, Mara E Nitu, Veda L Ackerman
NP coverage model in a PCVDU is associated with a 
significantly reduced LOS demonstrating that the NP 
is an efficient and likely cost-effective addition to a 
medically comprehensive service.
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Core tip: This is a retrospective study to review the 
care of patients requiring care in the pediatric chronic 
ventilator dependent unit from May 2001 to May 
2011 comparing the 5 years prior to the 5 years post 
implementation of the critical care nurse practitioner 
(NP) in 2005. The average length of stay decreased 
from a median of 55 d [interquartile range (IQR): 
9.8-108.3] to a median of 12 (IQR: 4.0-41.0) with 
the implementation of a dedicated critical care NP (P  
< 0.0001). Post implementation of a dedicated NP, a 
savings of 25738049 in room charges was noted over 5 
years.
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INTRODUCTION
Transitioning children with chronic ventilator de­
pendence delivered through a tracheostomy to 
their home environment reduces costs, enhances 
their quality of life, and helps with integration back 
into their families and communities[1]. Especially for 
children, the hospital is not an ideal location to aid their 
physical and psychological development[2,3]. However, 
children with chronic ventilator dependence present 
unique challenges to discharge planning. In 1998, 
the American College of Chest Physicians estimated 
that 10000 to 20000 people were receiving assisted 
ventilation at home[1]. This number will most likely 
continue to grow. One study found that pediatric long 
term ventilation discharges had increased 55% between 
2000 and 2006[4]. As the number of patients with home 
mechanical ventilation increases, their hospital length 
of stay (LOS) has a multifactorial impact on healthcare 
usage. These patients have multiple medical problems 
making medical discharge progress slow. In fact, this 
group has been shown to have a significantly longer 
LOS[4]. Families require considerable education and 
training, specifically in tracheostomy care and ventilator 
management. The training process and transition to 
the home environment can be very overwhelming 
for families[5,6]. Social, insurance and financial issues 
can delay discharge. Previous studies have shown the 
addition of a nurse practitioner (NP) to various types of 
medical care teams significantly reduced the hospital 
LOS[7­10]. We hypothesize that a dedicated critical care 
NP would decrease the LOS in a pediatric chronic 
ventilator dependent unit (PCVDU), thus significantly 
impacting hospital costs.
MATERIALS AND METHODS
Study design
Charts were retrospectively reviewed for all patients 
who required care in the PCVDU from May 2001 
through May 2011 to determine the effect of the 
critical care NP on LOS. This study was done at a 
large quaternary care pediatric hospital. In May of 
2005, a dedicated pediatric nurse practitioner with 
critical care services was added to the care team for 
these patients and in October of 2008, an additional 
pediatric nurse practitioner was hired enabling 
daily NP coverage of the PCVDU. The NPs received 
additional training on managing chronic ventilation 
from the physician director of the Home Ventilator 
Program via both lectures and bedside instruction. 
Prior to the introduction of the NPs, the patients were 
covered only by the attending physician, who was 
also responsible for the medical care of an additional 
pediatric intensive care unit. The NPs were involved 
in the care of all patients requiring mechanical 
ventilation. They rounded on the patients, helped to 
formulate care plans for the day, discussed care plan 
with consultants, participated in care and discharge 
conferences, and updated families. Their main 
responsibility was coverage of the PCVDU. They were 
first line responders for questions from bedside nurses 
and respiratory therapists (RTs) throughout the day. 
They modified the plan and initiated orders as needed. 
Outside of the PCVDU, the NPs served as members of 
the rapid response and cardiopulmonary resuscitation 
teams, as well as provided assistance in the pediatric 
intensive care unit (PICU) as able. The same two NPs 
were present throughout the study period offering a 
better continuity of care and, therefore, facilitating 
ventilator weaning. The pediatric home ventilator 
program discharge criteria and training closely follows 
the American Thoracic Society guidelines. Bedside 
nurses and RT dedicated to this unit trained the family 
in the child’s daily care and home ventilation.
Patients in the PCVDU were also co­managed by 
the developmental pediatrics team. This team was 
responsible for addressing developmental concerns, 
rehabilitation therapies, nutrition, and arranging 
outpatient follow up. The developmental team included 
a pediatric nurse practitioner during the week and 
resident coverage overnight and on the weekends. 
The staffing model for the developmental team was 
unchanged during the study period. 
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We compared the five years prior to the imple­
mentation of the critical care NPs to the five years 
post implementation. Also, the time with partial NP 
coverage was then compared to daily NP coverage. 
Partial coverage was defined as 5 d (approximately 
40 h) per week, with the remaining days covered by 
the attending physician alone. Full NP coverage had a 
critical care team NP involved in the patient care every 
day. The NP coverage was only available during the day 
throughout the study period. The critical care attending 
physician managed the children overnight. PCVDU LOS, 
diagnosis, and disposition at discharge were collected. 
Diagnoses were grouped into seven categories based 
on the most common diagnoses admitted to our 
PCVDU: Bronchopulmonary dysplasia (BPD), neurologic 
disorders, multiple congenital anomalies, congenital 
heart disease, congenital diaphragmatic hernia, 
traumatic injury, and miscellaneous. 
The financial data for bed/room charges alone 
was obtained from hospital accounting and did not 
include physician fees, therapy charges, medications, 
radiologic studies, or equipment. Room charges 
were all adjusted for inflation based on 2011 room 
charge values. Cost­effectiveness was determined by 
comparing room charges pre and post implementation 
of an NP.  
Our PCVDU is a six bed unit dedicated to the care 
of children requiring long term mechanical ventilation. 
The majority of patients developed chronic respiratory 
failure within the same hospital admission and sub­
sequently required home mechanical ventilator 
support through a tracheostomy. It comprises a 
variety a patients with the majority being neonates 
with BPD, but older children with neurologic, con­
genital anomalies, cardiac conditions and traumatic 
injuries are also admitted to this unit. The majority 
of the admissions are transfers from the neonatal 
intensive care unit. As such, the families require a 
comprehensive home mechanical ventilation and 
tracheostomy education program. Patients admitted 
to this unit are patients that have been decided to 
need chronic ventilation via a tracheostomy and have 
been determined to be safe outside of the PICU. 
Active ventilator weaning, adjustments and transitions 
to a home ventilator occur in this unit. Any form of 
ventilation, i.e., full mechanical support to CPAP is all 
via tracheostomy. Seldom, when there is a significant 
shortage of critical care beds, children that have 
already undergone the initial training are admitted 
to this unit for other medical or social concerns. The 
vast majority of patients that have home ventilation 
and return to the hospital for any reason are admitted 
to the general PICU service and not the chronic ven­
tilation unit.  
Descriptive statistics are given by medians and 
interquartile ranges (IQRs) for continuous variables. To 
determine differences between groups, Mann­Whitney 
U test and the Kruskal­Wallis test were used for 
continuous variables. Chi squared analysis was used to 
determine P values for categorical variables. All analytic 
assumptions were checked to ensure proper outcome 
reporting. Associations were considered significant at 
a P­value of < 0.05. We used Statistical Package of the 
Social Science (SPSS) Statistical software for Windows, 
Version 20.0 (SPSS Inc., Chicago, IL, United States) 
and Microsoft Office Excel (Microsoft Corporation, 
Redmond, WA). 
RESULTS
There were 469 admissions identified over the 10 year 
study period. The admissions’ characteristics before 
and after beginning of NP coverage are described 
in Table 1. Demographics for these patients are as 
follows: The pre­NP coverage group was 38.6% female 
compared with 46.3% in the post­NP coverage group (P 
= NS). The pre­NP coverage group had a median age 
of 6 mo (IQR: 4­12) while the post­NP coverage group 
had a median age of 12 mo (IQR: 5­30) (P < 0.001). 
The decrease in the average LOS pre­ and post­NP 
was significant with a P value < 0.0001 (Figure 1). 
Daily NP coverage was provided for 200 of the 311 
admissions with dedicated critical care NP involvement. 
The remaining 111 patients had NP coverage 5 d a 
week. When comparing partial NP coverage to daily 
NP coverage, there was once again a statistically 
significant decrease (P < 0.0001) from median 27.5 
d (IQR: 7.75­75.25) to median 8 d (IQR: 3.0­28.0) 
(Figure 2). 
There were seven diagnosis groups: BPD, neurologic 
disorders, multiple congenital anomalies, congenital 
heart disease, congenital diaphragmatic hernia, trau­
matic injury, and miscellaneous. BPD was the most 
common. Table 2 displays the total number of patients 
admitted with each diagnoses over the 10 year study 
period. 
When comparing the LOS pre­ and post­imple­
mentation of the critical care NP by diagnosis, we 
found a statistically significant decrease in several 
categories including BPD, congenital anomalies, 
congenital heart disease, and the miscellaneous group 
(Table 2).
We also investigated the disposition at discharge 
and compared the LOS pre­ and post­NP. The 
dispositions at discharge were either to home, general 
pediatric ward (if the patient no longer required 
chronic ventilator support), an extended care facility, 
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Table 1  Comparison of admissions: 5 years before and after 
nurse practitioner coverage
Pre NP coverage Post NP coverage
Total number of admission     158   311
Average annual patient days 10493 8812
Median length of stay 55 d 12 d
(IQR: 9.8-108.3) (IQR: 4.0-41.0)
NP: Nurse practitioner; IQR: Interquartile range.
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Readmission to this unit is exceedingly low. When 
chronic ventilation patients return to the hospital, 
they are admitted to the PICU for acute issues to be 
resolved. Comparing LOS for these patients discharged 
home pre­ and post­NPs, we found a significant 
decrease. Table 3 compares LOS pre­ and post­NPs for 
each disposition at discharge. 
The average room charge per patient stay 
prior to the NPs was approximately 188437. This 
charge decreased to approximately 105678 post 
implementation of the dedicated critical care NP. This is 
a savings of 82759 for room charges alone per patient 
per stay. Taking this average savings per patient, 
25738049 were saved in room charges over the 5 year 
period since the start of a dedicated NP to the PCVDU 
(Figure 2). The NP did not add specific charges to the 
care of these patients as their services are bundled 
within the hospital and physician charges. 
DISCUSSION
This study demonstrates a decrease in LOS in a 
PCVDU with the addition of dedicated critical care NP 
coverage. The mean LOS was reduced by over 75% 
(median 55 d compared to 12 d). Our results are 
similar to other studies showing that that the addition 
of a NP reduces LOS in trauma patients[8­10]. Our most 
a rehabilitation facility, an outside hospital (a local 
community hospital closer to the family’s home), 
the pediatric intensive care unit, or death. Table 
3 illustrates the number of admissions and their 
disposition at discharge. 
The majority of patients were discharged to home. 
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Figure 1  Median length of stay.  In the figure above, the length of stay in days is plotted out over the course of the study from 2001 to 2010. The addition of partial 
NP coverage began in 2005 when the length of stay was highest. Daily NP coverage began in 2008. NP: Nurse practitioner.
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Figure 2  Percentage of bed charges during the length of the study. Over 
the course of our study, the average room charge per patient stay decreased as 
the dedicated NP was introduced into the PCVDU. The addition of the NP did 
not add specific charges as their services were bundled into the hospital and 
physician charges. NP: Nurse practitioner; PCVDU: Pediatric chronic ventilator 
dependent unit.
Table 2  Number of admissions and median length of stay with interquartile range for each diagnosis over the 10 year study period, 
comparing pre and post nurse practitioner
Diagnosis Total 
admissions
Admissions 
pre-NP
Admissions 
post-NP
Length of stay (d) 
pre-NP
Length of stay (d) 
post-NP
P  value for length of 
stay
Bronchopulmonary dysplasia 140 61 79     68.0 (11.0-111.0)     18.0 (3.0-67.0) P < 0.001
Neurologic disorder 119 35 84 19.0 (4.0-50.0)     12.0 (4.0-28.5) P = 0.246
Multiple congenital anomalies   94 28 66     62.5 (16.0-126.5)  10.5 (5-32.8) P = 0.005
Congenital heart disease   50 18 32     72.0 (47.5-138.8)    9.0 (2.3-18) P < 0.001
Congenital diaphragmatic hernia   15   5 10     3.0 (1.0-107.0)     22.5 (8.5-37.8) P = 0.902
Trauma   10   1   9 2.0 (2.0-2.0)     23.0 (4.0-40.0) Could not be assessed
Miscellaneous   41 10 31   45.5 (13.8-98.3)     11.0 (5.0-39.0) P = 0.017
Values are displayed as medians and interquartile ranges. P values obtained from Kruskal-Wallis test. NP: Nurse practitioner.
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recent LOS with daily NP coverage (mean 19.82 d) is 
now below the reported mean LOS of 26.1 d obtained 
from a multicenter database[4]. The addition of NPs 
to the medical team has also been linked to shorter 
emergency department LOS and improved patient 
flow[11,12]. Adult literature shows a one day reduction in 
LOS with the addition of a NP to the team[13]. Our study 
provides one of the first accounts of the association of 
a NP on LOS in a PCVDU. 
A limitation of this study is that it is difficult to 
retrospectively determine other factors affecting LOS. 
The pre­NP median patient age and post­NP median 
patient age are significantly different. This could have 
affected LOS in the post­NP group. One may consider 
that discharging an older ventilator dependent child 
may be easier. An older patient may reach acceptable 
ventilator settings for home more expediently and/or 
be generally more stable. These factors may have 
contributed to shorter LOS. 
Some factors that may have affected LOS were 
minimized. There were no changes in physician groups 
or physician staffing that provided care for these 
patients except for the addition of the dedicated NP. 
We are reporting one institution’s experience and 
practices may be different at other institutions. The 
same medical director and clinical nurse specialist of 
the home ventilator program were involved with the 
program for the entire study period.
It also would have been beneficial to have 
family surveys to describe their experience in the 
PCVDU before and after the implementation of the 
NPs to describe improved family satisfaction. While 
we speculate the acuity of illness was increasing 
throughout the study period and feel this is supported 
with the increasing amount of critical care charges 
noted in our PCVDU, we do not have acuity scores to 
further confirm this speculation.
Another limitation relates to the lack of description 
of total hospital LOS. Changing admission criteria or 
longer neonatal or pediatric intensive care unit stays 
prior to PCVDU may affect LOS. The total hospital 
LOS in our institution would likely be skewed by the 
prolonged variable neonatal course many of these 
patients have prior to being admitted to the PCVDU. A 
trend toward higher acuity in this unit, supported by 
the increasing number of critical care charges, may 
imply that we are admitting patients sooner to the 
unit. One would expect this to increase LOS, but we 
actually found a reduction. 
The decrease in LOS by the addition of the NPs 
is likely multifactorial. The addition of a dedicated 
practitioner allowed for closer monitoring and prompt 
implementation of necessary ventilator and medication 
adjustments. This facilitated faster adjustments, 
allow the patient to more rapidly reach a medically 
stable state suitable for home. This is evident when 
examining the LOS pre­ and post­NPs for patients 
discharged to an extended care facility where family 
education is not imperative. The dedicated NPs 
also improved coordination of care within our unit, 
especially with plans surrounding discharge. The NPs 
could ensure that the proper inter­professional staff, 
such as social work, nursing, and home care, had all 
been contacted in a timely fashion when the patient 
was nearing discharge. This dedicated coordination 
of care is essential in the successful discharge of 
ventilator dependent patients[14]. The NP had dedicated 
time to address concerns regarding family education 
and training and could be a sounding board for families 
in stressful situations. They also provided a consistency 
of care that likely contributed to the reduction in LOS. 
This is illustrated in our dramatic reduction in LOS for 
patients who are discharged to home. 
This impact on LOS was consistent across 
diagnoses with the most impressive reduction noted 
in children with BPD. This is important in our particular 
population where BPD was the most common 
underlying diagnosis. While there have been advances 
in the care of BPD, the most significant advance 
was the use of surfactant. Our study period takes 
place after surfactant became a standard of care. 
Nevertheless, it is likely that advances in modern 
medicine have contributed to the reduction in LOS 
that we found in this study. However, the significant 
drop in LOS despite underlying diagnosis makes it 
unlikely that this is due to advances in medical care 
alone. Undoubtedly, we have made some medical 
progress for many of the underlying diseases seen 
Table 3  Disposition at discharge from the pediatric chronic ventilator dependent unit  
Disposition Total number 
of admissions
No. of 
admissions 
pre-NP
No. of 
admissions 
post-NP
Length of stay (d) 
pre-NP
Length of stay (d) 
post-NP
P  value
Home 339 105 234      68 (14.0-112.5) 14 (4.0-48.0) P < 0.0001
General ward   32   14   18 13.5 (2.5-124.3) 4 (1.8-7.3) P = 0.05
Extended care facility   19     4   15 37.5 (2.0-148.0)   5 (3.0-24.0) P = 0.84
General rehabilitation facility     3     1     2    27 (27.0-27.0)   29 (25.0-29.0) Could not be assessed
Outside hospital     6     4     2      74 (15.0-105.3)    19 (16.0-19.0) P = 0.36
PICU   60   25   35  19 (9.5-49.5)  12 (5.0-43.0) P = 0.35
Death   10     5     5    35 (22.0-62.0)  13 (2.0-23.0) P = 0.05
A comparison of admissions and length of stay pre and post implementation of the start NP coverage. Values displayed are Medians with interquartile 
ranges. P values obtained from Kruskal Wallis test. NP: Nurse practitioner; PICU: Pediatric intensive care unit.
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